Incidence, Morbidity and Mortality
The incidence of transfusion-related acute lung injury (TRALI) is unknown. The reasons for this are manifold. These include the fact that prior to 2004 there was no standard clinical definition, lack of reliable denominator data, underrecognition and underreporting as well as confusion with other clinical entities, notably transfusion-associated circulatory overload (TACO) [1] . These factors account for the widely disparate figures that have been reported. From the USA two frequently cited studies found an incidence of 1 in 1,300 and 1 in 5,000 plasma-containing transfusions [2, 3] . At the Mayo Clinic, nurses specially trained in transfusion practice and reactions, are responsible for blood administration outside the operating room, providing a degree of vigilance not usually found. In a single-hospital report from the UK that addressed fresh frozen plasma (FFP) transfusions, the incidence was 1 in 7,900 units [4] . The most frequently implicated blood products are whole blood (WB), packed red blood cells (RBC), FFP, whole blood-derived platelets (PC) and apheresis platelets (SDP). From the Quebec Hemovigilance program, the incidence varies widely by blood component. In 2005 TRALI was found in 1 in 15,924 FFP, 1 in 44,092 RBC, 1 in 40, 452 WB platelet pools, and 1 in 47,000 SDP [6] . Whether the differences in incidence for component types reflect the plasma volume or some intrinsic factors is unknown. A recent nested control study of consecutive intensive care unit patients who did not require respiratory support prior to transfusion identified TRALI in 1:534 transfusions [7] . The same study found that TACO was identified in 1:356 components. This study would suggest that in certain clinical settings TRALI is common. A prospective study at two large medical centers found that TRALI occurred in 1:3,183 units and in 1:473 patients transfused [8] . Reports of the US Food and Drug Administration (FDA) of transfusion-associated deaths indicate an association with cardiovascular surgery, active infection and hematologic disease [9] . Others have linked massive transfusion, thrombotic thrombocytopenic purpura and surgical procedures [10] . Gajic et al. [11] reported that patients with acute lung injury were more likely to have sepsis and a history of chronic alcohol abuse. How any of these factors contribute to or precisely act as triggers for TRALI is unknown. TRALI cases are evenly distributed between males and females. TRALI has been identified in all age groups, including children and elderly patients [12] . A recent French hemovigilance report found that TRALI was more frequent in patients 60 years and older [13] . In a look-back study of 50 patients who received plasma from a donor known to have an HLA antibody, 7 mild or moderate reactions and 8 severe reactions were identified [14] . Severe reactions were defined as those requiring mechanical ventilation. Of these, only 2 reactions were reported to the transfusion service in the hospital. Repeat reactions in the same patient were also identified. This report provides insight as to why an institution does not believe it has a TRALI 'problem'. TRALI is both underrecognized and underreported. The clinical impact of the severe manifestations of TRALI is significant. In one of the earliest and largest series reported, Popovsky and Moore [3] found that of 36 patients with classic TRALI, each required supplemental oxygen. 72% were placed on mechanical ventilation. In 81% there was rapid clinical, physiologic and radiologic improvement, with resolution of the pulmonary infiltrates in 96 h or less. 17% of patients had a slower resolution of their pulmonary infiltrates, but unlike the adult respiratory distress syndrome (ARDS) caused by other etiologies (e.g., infection, toxins), the lung injury is reversible. If the patient survives the initial insult, there are no permanent sequelae. For this reason, distinguishing TRALI from ARDS is important. Among immediate transfusion reactions, TRALI is singular in its mortality rate. Only hemolytic transfusion reactions due to ABO incompatibility are comparable. The reported fatality rate is 5-24%. The most widely cited figure is 5-10% [3] . TRALI is the leading cause of transfusion-related death in the USA [15] . Assuming an incidence of 1 in 5,000, there are many TRALI-associated deaths. In the USA there are approximately 20,000,000 plasma-containing components transfused annually (2005 data). If the death rate is 5-10%, there are 200-400 TRALI deaths per year in the USA. As reported by Davis et al. [16] , milder forms of TRALI exist which do not meet the consensus definition. TRALI reactions are likely to represent a clinical spectrum. Therefore, the true incidence of this syndrome may be significantly higher than what has been reported.
Pathogenesis
As with incidence, the precise mechanism of TRALI is not known. There are two working hypotheses -leukocyte antibodies and the 2-event ('hit') model (the 2-event model is described elsewhere in this issue of the journal and as such will not be covered in this article). Almost certainly, there are other mechanisms at play. It is clear that there is overlap of these mechanisms. Whatever the mechanism, the final pathway involves increased pulmonary microvascular permeability and its attendant pulmonary edema. The pathology of TRALI is that of the ARDS, in which there is interstitial and alveolar edema and extravasated neutrophils in the alveolar spaces [17, 18] . Capillary leukostasis is a constant feature and its presence correlates with the amount of proteinaceous fluid in the alveoli. In autopsy cases, Dry et al. [19] found a correlation between capillary leukostasis and desquamated epithelial cells. Hyaline membranes and injury to the pulmonary architecture have been reported [17, 19, 20] [1, 3, 15, 17, 20] . In the Mayo Clinic series an antibody-containing blood component was found in 89% of cases [3] . In approximately 50% of cases the antibody corresponds to the cognate antigen in the recipient [3] . Many investigators have corroborated these findings [5] . In approximately 5-10% of cases, the antibody is identified in the pre-transfusion serum of the patient [5, 21] . Interdonor TRALI has been reported which involves antibodies in one blood component reacting against antigens in another component being transfused to the same recipient [22] . In 5-15% of cases, no antibody is found in either the patient or donor [21] . Some HLA class I antibodies are known to induce neutrophil aggregation in vitro. It is assumed that these antibodies also prime and activate neutrophils and such activation is currently viewed as pivotal in the initiation of TRALI [20] . While most reports link HLA class I antibodies, in recent years class II antibodies have also been implicated. Kopko et al. [23] found such antibodies in two cases and in combination with class I in 5 cases. As HLA class II antigens are not expressed on human neutrophils, it is unclear how such antibodies trigger TRALI. Kopko et al. [23] has suggested binding of HLA class II antibodies to monocytes with subsequent release of cytokines and neutrophil activation as an alternate pathway to induction of the syndrome. HNA antibodies 1a, 1b and 2a have been reported to be associated with severe forms of TRALI [25] [26] [27] . HNA-3a is believed to be particularly potent, with fatal cases following FFP or platelet components published recently [20, 26] . HNA-3a and other neutrophil antibodies has been demonstrated to prime neutrophils in vitro [20] . In the isolated ex vivo rabbit lung model of Seeger et al. [28] , HNA-3a antibodies, HNApositive neutrophils, and complement resulted in significant lung edema within 3-6 h. The role of complement activation in the induction of TRALI remains unclear. The role of multiparous donor plasma in the causation of TRALI has been frequently cited. In a prospective, randomized study of patients receiving FFP in the intensive care unit, patients were transfused with FFP from multiparous (3 or more pregnancies) or non-multiparous donors [29] . Four patients in the multiparous arm developed clinical reactions, one of which was TRALI. The PaO2/FiO2 ratio was significantly decreased in the multiparous arm, suggesting that such plasma impairs lung function. The mechanism of such effects requires investigation.
Prevention
Because the profile of the at-risk transfusion recipient is unknown, approaches which address our current understanding of TRALI are needed to reduce its incidence. As allogeneic plasma appears to be the constant, strategies which reduce the number of exposures to plasma are appropriate. It is premature to conclude which of these approaches is most effective. 1. Because of the strong association between female plasma and TRALI, the National Blood Service (NBS) of the UK introduced a 'male-only' FFP policy in 2004. Plasma from females was not discarded but it was diverted to fractionation pools for blood derivative manufacture. The impact of this change has had an immediate impact on cases of TRALI reports. As measured by the NBS Serious Hazards of Transfusion Hemovigilance system, the number of incidents and deaths decreased by more than half [30] . The residual cases are associated with whole-blood platelets and RBC. In 2006 blood collectors in the USA began implementing male-only policies, and early data indicate a similar diminution in TRALI cases [31] . 2. Prospective screening of plasma from multiparous donors (two or three pregnancies) for HLA (and HNA antibodies): When antibodies are identified, the plasma should be diverted for uses other whole blood, FFP or platelets. 3. Multicomponent collection of blood components using apheresis (MCA): Apheresis technology allows a blood collector to obtain therapeutic doses of high-quality blood components through strong process control [32] . The safety profile of such collections is excellent. The number of adverse events is reported to be the same or less than with manual collection procedures [33] . MCA protocols include i) the collection of single-donor platelets (SDP); ii) 1 SDP and 2 FFP (double unit); iii) 3 FFP (triple unit); iv) 1 RBC and 2 FFP; and v) 2-RBC. If the products collected by MCA are transfused to a single recipient, the risk of TRALI should be reduced by decreasing allogeneic exposures and the TRALI-inducing content. As indicated by the Quebec Hemovigilance data, the risk of TRALI from apheresis products is less than with whole-blood products [6] , underscoring the validity of such an approach.
